Results of PCR with oligonucleotide primers were designed from the assembled panel of four potential virulence genes (two of internalin gene and two of transcriptional regulator gene). Most of the isolates including reference strains were reactive by PCR, whereas the other strains (No.80, 81, and 83) isolated from pork, were non-reactive by PCR. In particular, all pork isolates were PCR-negative for two primers (lmo2672 and 2821) sets tested. However, No.82 was positive for lmo1134 primer, and No.84 was positive for lmo2470 of pork isolates. It was observed that all Listeria monocytogenes (L. monocytogenes) penetrate Vero cells, although the invasion efficiency of each strain varied (between 0.5 and 18.9%). When compared in cell assay with PFGE, the results were shown that the mean invasion efficiency for lineage II isolate (2.6%) was significantly lower (ANOVA-test, p < 0.05) than that for lineage I (12.9%) and III isolates (10.3%).
Introduction
Listeria monocytogenes (L. monocytogenes) are characterized as gram-positive and rod-shaped bacteria. Listeriosis caused by L. monocytogenes is a life-threatening disease in fetuses, newborns, immunocompromised people and the elderly [1, 2] . L. monocytogenes continues to be a major food safety concern, a recent report from the Centers for Disease Control and Prevention (CDC) estimates 1600 cases and 255 deaths per year in the United States [3] . The most common route of infection by L. monocytogenes is via the gastrointestinal tract [4] . As evidenced by several outbreaks of listeriosis caused by the ingestion of contaminated food materials [5] . Numerous reports have been published dealing with the prevalence of L. monocytogenes in food products [6] .
Despite frequent exposure of the population to this bacterium, the probability of contracting listeriosis is low, since the incidence of the disease ranges from 1.6 to 6 cases per million populations [7, 8] . It has long been assumed that all L. monocytogenes strains are virulent. However, many strains in the environment may lack certain virulence properties [9] . Within the L. monocytogenes species there is great variability between the serotypes found in the environment or food. For example, 64% of the clinical isolates occurring in the UK (United Kingdom) are serotype 4b whereas 4% -6% of this serotype is found in the environment [10] . The virulence of L. monocytogenes strains also varies within the same serotype [11] .
Methods that have been developed for L. monocytogenes virulence assessment in vivo models frequently used to determine L. monocytogenes virulence include determination of 50% lethal dose in mice and recovery of the livers and spleens of immunocompetent or immunocompromised mice following intravenous or oral inoculation [9, 12] . However, mice and rats are not natural hosts for L. monocytogenes [13] . Futhermore, mouse and rat E-cadherin differ from human E-cadherin at an important amino acid residue that renders cells resistant to InlA-mediated invasion [14] . Therefore, the use of laboratory animals is impractical for a particular study, or the best available animal models have significant limitations. Since evaluation of the role of strain differences in human must be important meaning for the protection of listeriosis and presumption of public health measures, it is advisable to develop and easy, fast laboratory test that can reliable verify the virulence of a given strain. In Vitro virulence test using cell culture models that have been used to characterize L. monocytogenes virulence include the plaque-forming assay, cytotoxicity-based assays, and invasion and multiplication assay [15] . Also, in vitro assays that characterize virulence are often relatively fast and simple to perform.
No reliable molecular method for prediction of L. monocytogenes virulence has been developed. But, PCR detection of known L. monocytogenes genes, such as internalin and transcriptional regulator have the potential to provide an alternative method for distinguishing virulent from avirulent isolates [16] .
PFGE is a method with high discriminatory power and it has shown to be very accurate and reproducible for fine structure comparison and molecular typing of L. monocytogenes [17] . PFGE type and invasion into cell culture assay have considerable correlation [18] .
In this study, we tested the virulence of L. monocytogenes strains found in Korea by using PCR primers that were derived from four L. monocytogenes and to compare invasion and multiplication in the Vero cell to PFGE types on 35 strains from food, animal, and environmental isolates.
Materials and Methods

Bacterial Strains
A total of 35 L. monocytogenes isolates were used for experiment. 16 L. monocytogenes isolates were obtained from Dr. Byeong Yeal Jung (National Veterinary Research & Quarantine Service, Anyang). In particular, L. monocytogenes obtained from different animal species (porcine and bovine), environment (poultry slaughtering plant and dairy plant waste water) and meat (imported beef and pork) and from different foods (milk and cheese) from 1997 to 2007, were used. And five additional strains were purchased from the ATCC. The Listeria strains and their virulence, serotype and origin are in presented in Table 1 . Bacteria for the experiments were pre-cultivated in brain heart infusion (BHI; Difco) agar or BHI broth at 37˚C for 18 h. Cell lines: Vero cells (African green monkey kidney) were cultured in Eagle's Minimum Essential Medium (MEM, Gibco BRL) supplemented with 5% fetal bovine serum (Intergen) at 37˚C in a 5% CO 2 atmosphere.
Cell Invasion Assay
To assess the abilities of the invasion and muliplication in cell, we used an intracellular growth assay described [15, 19, 20] . Briefly, cell monolayers of each cell line grown in 24-well tissue culture plates for 72 h were washed twice with Phospahte Buffered Salines (PBS; JBI, Korea) before inoculation of the bacteria. Simultaneously, after trypsin treatment, cells collected from a separate part of the culture plate were used for determination of the cell number using a haemocytometer. For invasion and intracellular growth assays, 18 h pre-cultivated bacteria were inoculated into brain heart infusion (BHI) broth (Merk, USA) incubated at 37˚C for 13 h, washed twice with PBS, diluted with Minimum Essential Media Eagle (MEM), and then the appropriate bacterial count (5 × 10 5 -5 × 10 7 /ml) was inoculated onto the cell monolayer. The inoculated bacterial number was obtained from the colony count (colony forming units, CFU) after incubation on trypticase soy agar (TSA; Oxoid, Korea), containing 0.6% (w/v) yeast extract, for 48 h at 37˚C. Bacterial suspensions (0.3 ml per well) were added to the prepared cell monolayer, incubated at 37˚C for 2 h, washed twice with PBS and then incubated in 1 ml of MEM supplemented with 40 μg/ml of gentamicin at 37˚C for 2 h to kill extracellular bacteria. Monolayers were washed twice with PBS and cells lysed in 1 ml of distilled water containing 0.5% Triton X-100 on ice for 10 min. To measure invasion, the number of bacteria released from the cells was determined by plating serial dilutions onto TSA plates. To measure intracellular growth (Multiplication), MEM supplemented with 40 μg/ml of gentamicin was used as the growth medium after infection and infected cells were incubated fro 18 h after removal of extracellular bacteria. The number of intracellular bacteria was then enumerated at 18 h post-infection as described above and intracellular doubling times between 3.5 and 21.5 h post-infection were calculated. The experiment was repeated two times. 
PCR
Extraction, purification and quantification of DNA from each strain were performed as previously described. All of the primers used for specific PCR amplifications of virulent genes are reported in , the dNTP mixture (TaKaRa, Japan) 2.5 mM each, 10 pM primer, 25 ng of DNA, and 0.8 U of Taq DNA polymerase (TaKaRa, Japan). The cycling conditions were the template DNA was denatured at 94˚C for 2 min followed by 25 cycles of amplification (each cycle consisted of denaturation at 94˚C for 20 s, annealing at 60˚C for 20 s and elongation at 72˚C for 45 s) and finally 72˚C for 2 min. 5 microlitre of the amplified products was separated by electrophoresis in 1.5% agarose gel containing ethidium bromide, and visualized under UV.
Statistical Analysis
Differences among results from PFGE lineage and cell culture assay were evaluated with one-way ANOVA test in SPSS ver10.0. Differences were considered significant at p < 0.05.
Results
Results of PCR with oligonucleotide primers were designed from the assembled panel of four potential virulence genes ( (Figures 1 and 2) . We previously studied that three types of PFGE pattern showed at 50% relative genetic similarity in L. monocytogenes isolates (Figure 3) . As the number of deposited bacteria varied with the strain, a percentage of entry and an index of multiplication were determined. Under these conditions, it was observed that all L. monocytogenes penetrate Vero cells, although the invasion efficiency of each strain varied (between 0.5% and 18.9%). Besides, these strains multiplied broadly the number of bacteria was enhanced 22 to 2548 times 3.5 and 21 h of infection. Entry and intracellular multiplication proficiency varied greatly among L. monocytogenes isolates.
The mean invasion efficiency for lineage II isolate (2.6%) was significantly lower (ANOVA-test, p < 0.05) than that for lineage I (12.9%) and III isolates (10.3%). And the mean multiplication rate for lineage II isolate (124) was significantly lower (ANOVA-test, p < 0.05) than that for lineage I (801) and III isolates (1188).
Discussion
It has long been presumed that all L. monocytogenes strains are pathogens. However, much evidence to suggest that, under natural conditions, some L. monocytogenes strains may lack virulence properties [22] . In this study, the virulence of various isolates of the L. monocytogenes was compared to that of the well-known reference strains to know their capacity to invade and multiplicate in Vero cell and using PCR of putative virulence gene. We use Vero cell to determine for virulence of L. monocytogenes isolated from various source. Our results indicated that most of isolates had a significantly higher (p < 0.05) invasion efficiency and significantly higher (p < 0.05) multiplication rate than some pork isolates (No. 80, 81, 82, 83 and 84) in cell culture assay.
A number of studies conducted on food and clinical isolates using in vitro tests produced a pattern of results similar to those of the in vivo studies [23] . Another study demonstrated that two human feces carriage isolates of L. monocytogenes were compared to reference strains with regard to their invasiveness towards Caco-2 cells and strains virulent entered Caco-2 cells with great penetration efficiency, whereas strains with attenuated virulence showed low entry levels [24] . Host variation is an important element in deciding virulence of a pathogen. A specific strain of L. monocytogenes may have low or no virulence in most individuals, but be highly virulent in a susceptible host. In fact, most invasive listeriosis occurs in persons with a predisposing condition, primarily related to a defect in immune function [25] . For in vivo studies, these models may be used such as knockout mouse, in which genes coding for immune function pro-teins such as cytokines are disrupted [26] . However, because of the high cost associated with knockout mice, these models were difficult to conduct.
More recently, test methods based on detection of specific virulence genes may offer alternative approaches for identifying of L. monocytogenes virulence [15] . We selected two genes (lmo2672 and lmo1134) encoding transcriptional regulator gene which had the lowest nucleotide identity with any sequences from the L. innocua genome (non-virulent strain) [16] . Results of PCR using lmo2672 were correlated with invasion assay in Vero cell but not using lmo1134. Especially, lmo2672 allow pork isolates to be identified negative results of PCR. PCR results also correlated with ATCC reference, which isolated from an outbreak of listeriosis. However, our result showed that ATCC 15313, which was avirulent isolate, was positive for lmo2672 and lmo1134. That was consistent with D. Liu et al. [16] . D. Liu et al., characterize to virulent and avirulent L. monocytogenes strains by PCR amplification of four putative transcriptional regulator genes. And it demonstrated that ATCC 15313 has not maintained its ability to cause cytopathogenic effects in Caco-2 monolayer but positive for all tested primers. ATCC 15313 was originally isolated from an infected rabbit during an outbreak of listeriosis, but it later became avirulent after successive laboratory subculturing. It has been demonstrated that ATCC 15313 does not express listeriolysin, a well-known virulence factor this occurred spontaneously after its original isolation [27] . So, it was assumed that ATCC 15313, which is derived from a virulent L. monocytogenes isolates, would retain many of its virulence properties [16] .
We also selected two genes (lmo2470 and lmo2821) encoding putative internalin genes. Results of PCR using lmo2821 were positive for most isolates but not for pork samples. Lmo2470 gene was detected in most L. monocytogenes but not pork isolates (No.80, 81, 82, and 83). These results were correlated with invasion assay in Vero cell but not using lmo2470. PCR results also correlated with ATCC reference, which isolated from an outbreak of listeriosis. However, our result showed that ATCC 15313, which was avirulent isolate, was positive for lmo2470 and lmo2821. The presence of virulence genes in L. monocytogenes isolates appears to be so common that such tests are relatively poor discriminators of relative disease-causing potential [15] .
We also compare levels of virulence of three different PFGE lineages of L. monocytogenes isolates using cell culture assay. PFGE lineage II expressed a significantly higher level of invasion rate in cell culture assays than the others (p < 0.05). The same results showed in multiplication assay. These noted variations in invasive and multiplication assay might account for why certain PFGE types were more virulent than others. In other previous studies [18] , PFGE type and invasion into cell culture assay have considerable correlation. Thus, combining assay using PFGE and invasion assay in L. monocytogenes would seem to be of crucial value for the interpretation of the virulence.
The four primer sets and Invasion assay using Vero cell were evaluated by PCR and cell culture system against Listeria isolated various source. Most of the isolates were positive for at least one PCR primer. However, some pork isolates (No.80, 81, and 83) were not positive any of the primer. Therefore, most of isolates are considered to be more invasive than some pork isolates and could be potential food-borne pathogens. It was insisted that a single molecular, cell culture or animal assay cannot detect all virulence-attenuated isolates. Rather, it is a combination of cell culture and molecular screening assays that would offer the best chance of most accurately and reliably identifying naturally virulence-attenuated L. monocytogenes isolates [28] .
Therefore, combining studies of differences in the expression of virulence genes with the present study could give more information on the complexity of virulence of L. monocytogenes. Invasion assay using Vero cells and PCR-based assay for putative virulence genes could be used as an alternative to test for determent the pathogenicity of Listeria and reduce expensive and time-consuming animal testing.
